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Abstract— Deterioration in reinforced concrete structures is 

a major issue faced by the infrastructures and bridge 

industries all over the world. Since complete replacement of 

these structures requires high investment, strengthening has 

become the suitable solution to modify and improve the 

performance of the structures. Previously steel plates were 

used as external reinforcement to strengthen deficient RC 

structures, but in the privious years or so on, FRP composites 

have been used to replace steel because of their superior 

properties. RC T-section is the most common shape of beams 

and girders in buildings and bridges. Shear failure of RC T-

beams is identified as the most disastrous failure mode as it 

does not give any advance warning before failure. The shear 

strengthening of RC T-beams using externally bonded (EB) 

FRP composites has become a popular structural 

strengthening technique, due to the well-known advantages 

of FRP composites such as their high strength-to-weight ratio 

and excellent corrosion resistance. This study explores the 

result of an experimental investigation for enhancing the 

shear capacity of reinforced concrete (RC) T-beams with 

shear deficiencies, strengthened with Basalt Fiber Reinforced 

Polymer (BFRP) sheets which are a relatively new and 

economic alternative to more expensive fibers commonly 

used in strengthening of RC beams. A total of 22 numbers of 

concrete T-beams are tested and various sheet configurations 

and layouts are studied to determine their effects on the shear 

capacity of the beams. One beam of the beams is considered 

as control beam, while other beams are strengthened with 

externally bonded BFRP sheets/strips. 
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I. INTRODUCTION 

The rapid deterioration of the infrastructures is one of the 

major issues facing concrete and bridge industry worldwide. 

The deterioration of these structures are mainly due to ageing, 

poor maintenance, corrosion, aggressive environmental 

conditions, poor initial design or construction errors and 

accidental situations like earthquakes. In the past a large 

number of structures were constructed using the older design 

codes which are structurally unsafe according to today’s 

design standards. Since the complete replacement of such 

deficient structures requires enormous amount of money and 

time, strengthening has become the suitable way of 

improving their load carrying capacity and extending their 

service lives. The conventional design approaches available 

are concrete-jacketing and steel-jacketing. The concrete-

jacketing makes the existing section large and thus improves 

the load carrying capacity of the structure. But these 

techniques have several demerits such as construction of new 

formworks, additional weight due to enlargement of section, 

high installation cost etc. 

 

 The steel-jacketing has proven to be an effective 

technique to enhance the performance of structures, but this 

method requires difficult welding work in the field and have 

potential problem of corrosion which increases the cost of 

maintenance. Now-a-days, FRP composite materials are an 

excellent option to be used as external reinforcement because 

of their high specific stiffness, high specific weight, high 

tensile strength, light weight, resistance to corrosion, high 

durability and ease of installation. 

II. FIBER REINFORCED POLYMER (FRP) 

FRP composites are, as the name proposes, a composition of 

two or more materials which, when suitably united, form a 

different material with properties not available from the 

individual ingredients. Fiber reinforced composite materials 

consist of fibers of high tensile strength and adhesive that 

binds the fibers together to produce the structural material. 

Commonly used fibers are aramid, basalt, carbon and glass in 

the civil engineering industry. The adhesive that is commonly 

used is epoxy which protects the fibers, providing durability 

and under the loading condition distributes the load to the 

fibers. The fibers are oriented in the direction(s) that utilize 

them most efficiently. 

 The successful application of FRP in different fields 

like aerospace, sports, recreation and automobile industries is 

the reason for the increase in demand of FRP. The properties 

of FRP composites and their versatility have resulted in 

significant efficiency, reliability and cost effectiveness in 

rehabilitation. 

III. STRENGTHENING USING FRP 

Concrete beams are the main element in structural 

engineering which are designed to carry both horizontal loads 

due to seismic or wind and vertical gravity loads. Like all 

other concrete elements they are susceptible for situations 

where there is an increase in structural loads. Generally 

reinforced concrete (RC) beams fail in two ways: flexure 

failure and diagonal tension (shear) failure. Flexural failure is 

generally preferred to shear failure as the former is ductile 

while the latter is brittle. A ductile failure permits stress 

redistribution and gives prior notice to occupants, whereas a 

brittle failure is sudden and thus catastrophic. 

IV. FRP STRENGTHENING OF CONCRETE MEMBERS 

For flexural strengthening the laminates of FRP are used and 

applied with epoxy to the tension zone of the RCC members 

which acts as external tension reinforcements to increase the 

flexural strength of the RCC members. Structural members 

like beams, plates and columns can be strengthened in flexure 

through the use of FRP composites bonded to their tension 

zone using epoxy as a common adhesive for this purpose. The 

direction of fibers is kept parallel to that of the direction of 
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high tensile stresses. Both prefabricated FRP strips and sheets 

are used. 

V. CASTING OF SPECIMENS 

The beam specimens are made from the nominal mix of the 

concrete of grade M20 with mix proportions as per IS: 456-

2000 and presented in Table 3.1. For mixing purpose, the 

concrete mixer is used and the water cement ratio is fixed at 

0.55. Three numbers of 150x150x150 mm concrete cube 

specimens are cast along with each beam and cured for 28 

days to determine the compressive strength of concrete. 

Description 
Cemen

t 

Sand 

(Fine 

Aggregate

) 

Coarse 

Aggregat

e 

Water 

Cemen

t 

Ratio 

Mix 

proportionin

g 

(By weight) 

1 1.67 3.33 0.55 

Quantities 

of materials 

for one 

specimen 

beam 

(kg) 

19.64 32.79 65.38 10.8 

Table 3.1 Nominal Mix Proportions of Concrete 

A. Material Properties 

1) Concrete 

Concrete is a material which is made from the combination 

of cement, water combined with sand (fine aggregate) and 

coarse aggregate. Due to the chemical reaction of cement and 

water a tough stone like mass is formed. The concrete paste 

formed can be moulded into any shape to get a smooth 

surface. Hardening of the paste starts immediately after 

mixing. The presence of water is essential for the chemical 

reaction and to increase the strength, so proper care should be 

taken to avoid the rapid loss of water after mixing. Excess 

water makes the concrete more permeable and weaker. The 

compression test is conducted for the cube specimens at the 

end of 28 days of curing and the test results are tabulated in 

Table 3.2. 

Specimen Name 
Specimen 

ID 

Average Cube 

Compressive 

Strength (MPa) 

Control Beam CB 23.1 

Strengthened 

Beam 1 
SB1 25.27 

Strengthened 

Beam 2 
SB2 24.67 

Strengthened 

Beam 3 
SB3 24.33 

Strengthened 

Beam 4 
SB4 23.36 

Strengthened 

Beam 5 
SB5 28 

Strengthened 

Beam 6 
SB6 26.81 

Strengthened 

Beam 7 
SB7 26.07 

Strengthened 

Beam 8 
SB8 24.45 

Strengthened 

Beam 9 
SB9 26.34 

Strengthened 

Beam 10 
SB10 28.33 

Strengthened 

Beam 11 
SB11 28.89 

Strengthened 

Beam 12 
SB12 28 

Control Beam 1 CB1 23.55 

Strengthened 

Beam 13 
SB13 26.22 

Strengthened 

Beam 14 
SB14 28.65 

Control Beam 2 CB2 26.14 

Strengthened 

Beam 15 
SB15 28.14 

Strengthened 

Beam 16 
SB16 27.26 

Control Beam 3 CB3 23.26 

Strengthened 

Beam 17 
SB17 29.04 

Strengthened 

Beam 18 
SB18 25.18 

Table 3.2: Test Results of Cubes after 28 days of curing 

B. Reinforcing Steel 

High-Yield Strength Deformed (HYSD) bars confirming to 

IS 1786:1985 are used as reinforcing bars. The bars of 16 mm 

and 12 mm diameter are used as tension reinforcement and 

10mm diameter bars are used for hang-up bars. Three 

identical samples of each diameter are tested under uniaxial 

tension to determine the yield strength of the bars. The 

average of three samples is considered as the proof stress or 

yield strength of the bars and is given in Table 3.3. The 

Young‟s modulus of steel bars is 2x105 MPa. 

Sl. no. 

of 

sample 

Diameter of 

bar 

tested (mm) 

0.2% Proof 

stress 

(N/mm2) 

Avg. Proof 

Stress 

(N/mm2) 

1 16 506 

494 2 16 495 

3 16 480 

4 12 595 

578 5 12 560 

6 12 579 

7 10 535 

529 8 10 521 

9 10 530 

10 8 527 

523 11 8 520 

12 8 521 

C. Determination of Ultimate stress, Ultimate Load & 

Modulus of Elasticity of BFRP 

The unidirectional tensile test is conducted to determine the 

ultimate stress, ultimate load and modulus of elasticity of the 

specimens. By using diamond cutter or hex saw the 

specimens are cut from the plates and is polished with the 

help of polishing machine. The mean of the three specimens 
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is considered. The dimensions of the tested specimens are 

tabulated in Table 3.4. 

Orientation 
No. of 

layers 

Length 

of 

sample 

(cm) 

Width 

of 

sample 

(cm) 

Thickness 

of 

sample 

(cm) 

00 

orientation 

2 

Layers 
25 2.5 0.56 

4 

Layers 
25 2.5 1.07 

6 

Layers 
25 2.5 1.53 

8 

Layers 
25 2.5 2.03 

900 

orientation 

2 

Layers 
25 2.5 0.56 

4 

Layers 
25 2.5 1.07 

6 

Layers 
25 2.5 1.53 

8 

Layers 
25 2.5 2.03 

Table 3.4: Dimension of the Specimens for tensile test 

 The tensile strength and modulus of elasticity of the 

specimens are determined in the Production Engineering Lab, 

NIIST, Bhopala using UTM 100kN. First, specimens are 

gripped in the fixed upper jaw and then gripped in the 

movable lower jaw. To prevent the slippage, gripping of the 

specimen should be proper. In this study, the gripping is taken 

as 50 mm from each side. The load, as well as the extension, 

is recorded digitally with the help of a load cell and an 

extensometer respectively. The stress versus strain graph is 

plotted from the results obtained and the initial slope of it 

gives the modulus of elasticity. The ultimate stress and 

ultimate load are obtained at the failure of the specimen. The 

mean value of the three specimens of each layer of 00 and 

900 orientations is given in Table 3.5. 

Orientation 
No. of 

layers 

Ultimate 

Stress 

(MPa) 

Ultimate 

Load 

(N) 

Young’s 

Modulus 

(MPa) 

00 

orientation 

2 

Layers 
13.86 202 4588 

4 

Layers 
14.07 577 5561 

6 

Layers 
19.53 883 5607 

8 

Layers 
23.57 1010 6395 

900 

orientation 

2 

Layers 
328 5808 11920 

4 

Layers 
391 11870 12870 

6 

Layers 
421 22110 13130 

8 

Layers 
469 25480 13920 

Table 3.5: Result of the specimens from tensile test 

VI. EXPERIMENTAL SETUP 

 
Fig. 3.1: Cross-section and reinforcement details of the 

control beam 

VII. CONCLUSIONS 

 Based on the experimental investigation and analytical 

study of shear strengthening of RC Tbeams with 

externally bonded unidirectional BFRP composites, the 

following conclusions are drawn: 

 The shear capacity of RC beams with T-shaped cross-

section can be enhanced significantly by using BFRP 

composites as an external reinforcement. 

 The initial cracks in the strengthened beams are formed 

at a higher load compared to the ones in the control 

beams. 

 Strengthening with BFRP composites bonded to webs 

only are most susceptible to debonding with premature 

failure. 

 The beam strengthened with BFRP sheets is found to 

have more shear capacity thanthe beam str engthened 

with BFRP strips. 

 Strengthening of beams using U-wrap configuration is 

found to be more effective than the side wrap 

configuration. 

 Among all the BFRP strip configurations (i.e., horizontal 

strips, vertical strips and strips inclined at 450), the U-

strip with 450 fiber orientations is more effective. 

 The performance of externally bonded BFRP composites 

can be improved significantly by using adequate 

anchoring system. 

 A proportional increase in the shear capacity with the 

increasing BFRP amount cannot be achieved when 

debonding is not prevented. 

 Anchorage system prevents the debonding of BFRP 

sheets/strips from the concrete surface, eliminating the 

premature failure, which consequently results in a better 

utilization of the full strength of the BFRP sheet/strip. 

 Formation of crack gets delayed due to the use of BFRP 

sheets and also by introduction of end anchorage. 

 U-wrap with end anchorage is found to be the most 

effective configuration among all the configurations. 

 The load carrying capacity of the strengthened beams are 

found to be greater than that of the control beams, thus 

the externally bonded BFRP composites enhances the 

load carrying capacity. 
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